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1.0 INTROD_JCTiON

This final report has been prepared in accordance with NASA Contract No.

NAS5-3142, ,_ticle V, Paragraph B. This report has been subdivided into two

volumes. Volume I is concerned with the electrical design considerations, final
test data and a section of recommendations and conclusions. Volume !I covers

the mec_anical calculations which were necessary for the design of the subjectC_

arrays.

Z. 0 SpEC_FICAT_ON.S... .

Table ]-1 describes the electrical specifications of the RSi Satellite

Command Antenna Array, Model No. 071-024. L

TABLE 1 - 1

Electrical Specifications

L

Frequency range: 1ZO - 155 mc
Gain: ZZ db -

'J Input impedance: 50 ohms

- V_%_FR(at IZ2.9, 148. Z6, 148.56

and 148.98 mc) : max. I.Z0

: _verage power: 7.5 kw

Sidelobe level: -13 db

Backlobe level: -Z5 db "

Beamwidth: Not specifted

Polarization modes: Parallel Y-axls, perpendicular

Y-axls, rlght-hand circular,
left-hand circular.

3.0 G EI_ERAL DESCRIPTION AN_._DDDESIGN APPROACH
C

The RSi SatelliteCommand Antenna Array de.-ignhas remaine_%basicalIy

the same as described in RSi's _echnlca] proposal dated 21 _anuary 1963. The

array consists of nine (9) disc-on-rod antenna elements, each capable of radi-

ating in eitherof two linear orthogonal ix_larizationmodes. These antenna

elements are excited by two high-power, nlne-way power dividers. One power

divider excites the vertically polarized inputs of the dlsc-on-l'od elements ana

the other power divider excites the horlzontally polarized inputs. The two inputs

of these power dividers are processed through a polarization control netNork

whiten allows the remote selection of horizontal, vertical, circular left- and

cir=ular right-hand polarization. All of the above subcomponents, except the
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remote control Pianel a_e mounted on the array support structure. The remote
controlpanel, designed to fita lg-inc_ rack, willbe locatedin the main

- equipment console.
?

f

The element orientationis illustratedin FigureZ. The arrangement was
• generatedby using a seriesof threeisosceles trianglesallhaving a common
: center. The innermostand outermost elemen_ triosare locatedon the corners

of two isoscelestriangleswith the apex of Me trianglesdirectedtowards the
top of the sheet. The intermediatetrioof elements are locatedon the corners
of a third".rianglewith the apex directedto the bottom of the page. The basic

: interelement spacing is set at one wavelength at lZl mc (8.12 f_et). This array
configuration was examined by utilizing experimentally derived disc-on-rod ele-
ment patterns in conjunction with simple array theory. The element pattern
characteristicsused in the computations are listedbelow. ,,

• Frequency: IZO mcs 150 mcs
Absolutegain: 1I.7 db _ lZ.Z db
Half-power beamwidth: t3 ° 40 °
First sidelobe level: -17.0 db -13.0 db

The computed patterns are shown in Figures 3 and 4 for both X and Y

• planes, at frequencies of 120 m_s and 150 mcs resp:ecttvely. The X and Y
planes of the array are defined in Figure 2. The following tabular data summarizes

i the computed performance of the array.

' Frequency: _ lZ0 mcs 150 mcs
Absolute gain: +20.8 db +Zl. 4 db
Absolutegain increaseabove

_ element: _ +9.1 +9.2
Half-power bea m_ tdth: 16 ° 14°
First sidelobe leve_ (ave.) -31.0 db -Z0.0 db

--_ Major sldelo_ level (ave.) -26.0 db -Z4.0 db

The absolutegain was derived by numerical integrationof the computed array
patterns. Examination of the tabulardata will indjtcatethata minimum gain In-
crease of 9.1 db was achieved with the nine-element array. Itthen appeared

thatan element gain of +l3.0 db would be sufficientto achieve the desl:ed level
of performance (+ZZ.0 db gain absolute).

An experimentalscale model of the dlsc-on-rod element was constructed
and testedto definethe dimensions of the requiredunit. Tbls unitwas tested
at scalarfrequenciesusing _ scale factorof 4.5 to I. Radiationpatternsand
absolute gain measurements wbre taken at the scalar freqvencies of 553 mcs

_

[
F
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(122.9 mcs fullscale) and 668 mcs (148. 5 ,acs full scale). The "n_nlmum ele-

ment gain of +I 3.0 db requkred, ds mentioned above, was a,_!eced ,¢tththis

model. The firstsldelobes _;ereon the order of -13 db and tb._ half-power

Deamwidths ranged from 37.5 degrees to Z9 degrees. The electrical performance

of this model was quite acceptable for arraying. Accordingly _ix of these units

were arrayed and chelrpe_'fo_mance evaluated.

Figure 5 is a phot._graphof an array of three elements wnlch was later en-

larged to a six-element array. A series of two- and thre6-way strip transmission

line power dividers, using two-sectlon Tchebysheff transformers allowed the array

elements to be excited from a common input. A graph of gain versus number of

elements is plottes in Figure 6. This data was obtained with the abovo mentioned

scale model array by monitoring the power receiveu while Ircreastng the number

of elements from one to six. The gain realizable from arraying these scale ele-

ments appeared sufficientto obtain the Z2 db of gain for the nlne-element array.

The general description and design of the system subcomponents will follow in a

later section of this report.

4.0 DISC-ON-ROD ELEMENTS

Following the construction and testing of the scale mode] array, two full
_cale disc-on-rod elements were fabricated and tested. Radiation patterns and

_bsolute gain measurements were taken on these units to varify the scaling factor
of 4.5 to 1. These first full scale disc-on-rod elements consisted of ten dtscs,

31 l/Z" diameter, spaced at Z0". The circular cavity which serves to equalize

the E- and H-plane beamwidths was 44 1/4" high and 64 1/4 diameter. The gain
of these first units was not sufficient. Adjustments of disc diameter end spacing

were made unUl the absolute minimum gain at the 1: _nd ,.,f the frequency band

was 13 db, the minimum value tQ achieve ZZ db gain with the nine-element array.

Single element gain and saml.:_,patterns are shown in Figure 7. The final disc-on-

rod configuration consisted of ten discs_ Z9 I/2" diameter, spaced at ZZ I/Z" with

the exception of the firstdisc which was placed eight inches from the top of the

dipole sleeve. This disc is mounted using clamps whereas the remaining d_scs

are welded in place. The first disc has remained adjustable for use as a final

matching device without effect on radiation pattern or gain performance. The
cavity was not changed from its original dimensions.

With the disc-on-rod element configuration finalized, this unit was matched

utilizinga series line-transformer section inc,#rporatedin the dipole coaxial feed

llne. A VSWR of i. I or less was obtainable at the desired frequencies of iZ2, 123,

148 and 149 mcs.

1964010064-010



Figure 5, 8cate Model Thr_u-element Array,
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5.0 NINE-WAY POWER DI_¢IDER

Two nine-way power dividers are required to implement the system. %ne
electri,:al design is schematically described in the sketch of Figure 8. The unit
ts basica!ly composed of four three-way power dividers interconnected by three

' coaxial cables. Each power divider is a two-section transformation from a si_lg'.'e

' 50 ohm _.nput to three 50 ohm outputs. The values of Z1 and Zz are 37.7 and
22. Z ohms, respectively.

The power divider units were fabricated in strip-transmission line with
teflon as the dielectric medium. A problem of some conc_.rn w_s *_h,_!'.n_ thick-
hess which mus_ be used to accommodate 7.5 kw of average power in the first
power divider unit. The power handling capability depends: on, among other things,
*.he heat sink available, the ambient temperature, _ir flow, allow.able temperature
rise,the materialsused and the fielddensfr/within the transmis_lonl!ne:Rather
than bs=c the design on computations made on strlp-transmlssionlines,a more
conservativeapproach was used. Coaxlal cable, with itsconservative manu-
fa=turer:spower ratingwas selectedand itsdlmensio:_sw_-e converted to strip
transmission!ineequivalent.

Figure 9 :!s a plot of the average pov'er capacit,/ of commercia.' ":eflon
dielec_.ric cable as a function of the outer dielectric diameter, at frequency of
I55 mcs. These curves were extrapolated from data.available on coaxial cables
listed by" the Amphenol Corporation of Breadview, Illinois. Examination of the
graph will indicate that a dian_eter oi O. 430 inches _s required to handle 7.._ kw
of average power and a diameter of O. ZZ0 i-_cr,es would be requireq to handie
Z. 5 kw of average, power. If the thickness of t_,e strip-transmission lines were

madeequal or greater than these values, then the power capacity should be some-
what higher. The fact that the strip-transmission line will handle more p'_wer is
due to the decreased field intensity and increased heat sink capacity of th_s type
of Hne compared to coaxial cable. To further increase the safety factor, the
thicknesses of 0. 500 inches, and 3, 375 inches were used in designing the power
dividers to handle 7.5 kw and Z. 5 kw of average power, respectively.

In all of the power divider modules, the center conductor thickness is
I/8 in'_h,with radiusesof 1/16 inch. The main inputconnector is a modified
type "LY" pane! jack. The intermed|ateand output adaptorsar..modifiedUG- '_
58/U panel Je,cks. The intermediatecablingis RG-!I6/U ;__.nd_e o,-tp,-tcabling, ......
from the power divid::-unitsto tae dipole inputs,is RG-115A/U coaxialcable.
Figure 10 isa plotof VSWR versus frequency of a :ffne-_,aypower divider,and
Figure Il isa photographof two of these .mlts.

-10-
i
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6.0 POLARIZATION CONTROL

, The feed network which processes the inputsof the two power dividersis
schematicallyshown in Figure IZ. The horizontaland verticalinputsof the two
nlne-way power dividersare each connected to one terminalof two SPDT switches
(A and B). When switch A is connected to terminalI and the SP4T switch is con-

nected to terminal//Y, the inputpolariZati0nis parallelto the Y axis. Corre-
spondingly,when switch B is connected to terminal4 and the SP4T switch is con-
nected to terminal.LY, the inputpolarizationis perpendicularto the Y axis. To
exciteeithersense of circularpolarization,switches A and B are connected to
terminals2 and 3 respectively. These portsare connected to the two output arms

of the 3-db coupler. A signalat arm 2 causes a voltage equal to -0.707 E//y to
appear at one inputto the coupler (5). In addition,a voltage equal to -j0.707

E.//y,wii-iappear at the second hybridinput. In the same manner a signalat termi-
nal 3_excites.avoltageof -J0,707 Ey at port5, and 0.707 Ey at port6. Thus, the
arm of the voltagesat port5 of the hybrid is equal to

L

Zs.._0.70vz//y-j0.v0vEiy,

which is _e conditionforleft-handcircularpolarization.The totalvo.ltageap-
pearingat terminal6 is of the form

E6_ 0.70VEAZ-JC.V0VZ//z,

which is the conditionforright-handcircularpolarization.The inputpolarization
is now controllsd by the positionof the SP4T switch. The performance of the net-
work can be summarized as follows:

Mode "-_V'_SW_tchCon,nec,ti,on "B" Switch Connection SP4T,C,onnection

//z _ - //z
IY - 4 _.Y

Left-hand
circular 2 3 lIj

Right--hand
Cix_'alar Z 3 RC

A remote control selector is used to energize the polarization switches in
p_oper sequence. This controlpanel has indicatorlightsconnected to relays in
the switches. These lightsgive positiveindicationthatthe switches are function-
ing properly.

i
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Figure 13 is a photograph of the polarization control unit. The control

unit, designed for rack mounting has the four polarization conditions: //Y, IY,

left-hand circular and rlght-hand circular. An indicator light is provided for

each position. In addition, a test switch is provided which allows each r-f

coaxial switch to be examined to insure proper operation.

: A photograph of the interiorof the polarization unit is shown in Figure 14.

Itcontains three hlgh-power switches and a high-power 3-db coupler. This unit

is mounted on the central hub of the array, and is completely sealed to protect
its contents from the antenna environment. :,

Figure 15 shows the typical 3-db coupler pel-formance.

7.0 TEST RESULTS

7. I Measurelnent Procedures

7. I. I Voltaq_ Standing Wav___.__eRatio - A General Radio Company type
160Z-B admittance meter and associated equipment w_::reused to determine _he

VS_A/Rof the antenna system. The test setup is shown in Figure 16. Array

number one was tested while mounted on the radiation pattern range, as shown

in Figure I. Arrays two, three and four were tested vJhileerected upon the roof,

as shown in Figure 17.

7. I.Z Radiation Patterns - Radiation patterns were taken as the array was

rotated about the Y axis. The radiation patterns are included later in this report.

7. I._% Gain Measurements - In Antennas by John D. Kraus I) the foliowlny

' formula is g_,venrepresenting the ratio of received power to transmitted power of

two antennas in free space:

_ W r Got G O k Z

Wt (4vr) Z

)

where W r = received pow6r

W t = transmitted power

]. John D. Kraus, "Anten:.as," Ph.D. , the Ohio State University, McGraw-Hill
Book Company; 1950.

-17-
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Figure 13. _Polarization Control Panel with Polarization Box.
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,. Figure 14. Poiarizat_on Box Interior
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Figure 17. Array Erected on Roof for VSWR Measurements.
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X = free space '_avelengti_

Got : gain of receiv_.;:gantenna over an tsotroptc source.

t_ot : ,]a!nof traBs;?.tttingcIF_I.(_.rlnd'.;_.'_:81iibot:-o,o_,C._-/,,;['CL:.
r : distance i-etwee:-, antennas.

C,.:n,:e_!ng this formu!ar tc d decibel reiatioqshlF, we jet
2

4_1" W r

C'r+G t = ZOlo_ (---X-X')_ _01°_(W---t-)

whete G r = gain of rece.tvinq ,'_ntenn-_._×;_ressed In rib.
G t =. gain of transmitting antenna _.._r_seu dh.

With r and k fixed du,.in,j th,= me-a_,e:T:ents and with a receiving antenna of

knowr:- gain or_,ly bvo termsof 9_.is operstto:, ore unknown, Gt and 10 tog W'r;¢6_t .

Figure i8 illustrates the t_st setup used to diro.ctly measure .be quantity

1.3 tog (Wr/Wt), The above equatiop, is ;hen soJ,zed for G t. The transmitting
antenna In this case was the RSi Moael 071 S_t_.!lltc Command Antenna array anc_

the receiving antenna was a <_i:tc._l.edisc-on-r,.fi element lder4ica! to the units in-

corporated m the array. This latter unit _-={<],been calibrated using- the Identical
antenna, method "_/ith the above for:-,:.uia.

: With r a-nJ k fixed, 10 log ('tVr/_.V t) ca_ _e measured directly. The,_

the equatior: is solved far O t + G r = ZG. /,s a check of th_s method, three identi-
cal antennas were used. The-resu_ts v,'er.,- ,vithio. normal read.ing error•

To check the trdntmission . ._.t[ o_, of gem me:_.surements, the tad ation

patterns were num_{icatly _.r:[egrated. The directivit_, D, of an antenna is stated

in Antennas by Kraus to oe

-br (raaximum radiation intensity_)_.D -
Total powcr radiated

_::

If it _s as_umeo tha't a radiation pattern plotted inrelativepower is sym-
metric,_l about th_ axis of maximum radiatlon and the maximum power is set equal

,o _ then the total p,:_wer radiated can be represented by the _ntegral,

Z_ Z_

.J _--(_---_'(O)sin 0 o.o de.
O ,.h

',visors. P(0_• iS relative power at some azimuth angle 0
f_ is elevat;on angle. -'

i

1964010064-027



UNKNOWN RECE=VING ANTENNA
TRANSMITTING OF KNOWN GAIN
ANTENNA

/N

CHECK TRANSMISSION LOS5

l

SET POWER REFERE._CE I

I <'- I,_
ATTENUATOR WAVE AMPLIFIER TRANSMITTEP 6 db F_XED :

6db FIXED _ HP MONITOR I

BOLOMETER lJ ---

BOLOMETER

HYBRID [COUPLER WEINSCHEL

' _ I ATTEN CALABRATOR
MODEL B_.-5

I,

RF POWER ..... - -- -
OSCILLATOR . SUPPLY

GR 1215-B GR 1201-B --

I ,j ...

IKC -I "

MODULATOR i
GR 1214-A

/

fl

FIGURE18.SET-UPFORGAINMEASUREMENTBY-TRANSMISSIONMETHOD. jJ--:J._,

" -24 -

. -//•H"/'i-

1964010064-028



11"

The integral _ P(_) sin u d 0
O

can be solved by de.tern-inJng the area under the cu.rve representing sin 0 times
the relative.power at each azimuth angle, e, from 0 to _r. The area can be found

by numerically suture;rig the areas of small rectangular increments under the

curve, each with a width of b radians and aheight of P(e) sir, O. The outer inte-
gral,

Zlr

.)" f(e)
0

_.-

is equal to 2w.

_ne directivity can therefore be written

4_r
", D _-

Zw(braoians)/ 2 iP(e)sin °]j8 =0 _

Since the RSi Satellite Command Arr.ay is a direct radiating antenna, the radiation

efficiency factor is very near unity and the gain is therefore very nearly equal to

the directivtty of the array.

Radiation patterns v_ere not taken in a plane paral.'el to the Y axis be-

cause of the problems involved in handling an antenna of this size. However,

c computed array patterns indic._te that the degree ol asymmetry will not seriously

com.p_omise the accuracy of the pattern integration method of determining gain.

7. Z Array - Seria ! Number One

_ The following are the tBst results obtained with RSi Satellite Command

_-Antenna Model 071-0Z4, Serial .Number One.

_'- Frequency (mc) V SW R

-_ IZO 1.06 1.04 1 0,9 1.10

123 1. 18 I 08 1 10 1. IZ
130 1. ]0 1 13 1 10 1. lZ

140 1.70 I 65 1 19 I.IZ

148 I.'01 I 05 I 13 l,lZ

149 I.ZZ I ZZ ! 15 1.09

15.5 1.60 1 70 "" ! ZZ 1.40

1964010064-029



Frequenc _.._c___. Average Gain*

123 22.5

i48 23.7

_'mh_"_verage gain as measured using the _,_:otechniques descr1._ed in Section

7. :.3 of this report.

The following Figures 20 through 31 are far-fieldradiation patterns of-[he

array.

7.3 Array- Serial Number 2.

:, The results of _e VSVv_Rmeasurements on the RSt SatelliteCoinma,:d

Antenna, Model 07i-024, Serial Numi_r 2 are tabulated below:
y_

Frequency (mc) V S W R :

//Y ±Y _c LHC _
_zo _.29 _.12 :.16 _._
IZ3 1.17 j..o7 _.io 1.16
130 1.27 -].25 1.09 1.13
i40 l._.o _.63 1.3_ _36
148 :. 22 1.04 1. 08 1. 12

149 1.16 1.16 1.08 1.13 -

_so _.ss i.3s i._i i. o4

7.4 _k_a_._ - Serial Number 3
/

The results of the VSVqR measurements on the RSi Sal:elliteCommand

Antenna, Model 071-024i SerialNumber 3 are tabulated below. It may be noted

that there are no readings for the two circular polarized modes. This was due

to the lack of the required high-power switches necessary to exc_.tethese modes,

of operation. PriorVSWR measurements of array, Serial.No. l, indicated only .

a nomiT'al change when the polarization box, which includes the "switches, was

removed. The data shown below is equal to, or better tk,an, that obtai_ed on

array Serial No. I less the polarizat[bn box and, thei'efore,juf._ed co be oc-

ceptable. _

F__rP_uuency(mc) VSWR
/

120 1.04 1.10

123 1.05 1.08
.y

130 1.20 1. 13 "

_ -26-
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Frequency (mc)

140 I. 44 I. 45
148 I. !8 I. 08
149 I. Z7 J. ii
15O I. 35 I. Z9

7.5 _- Serial Number 4

The results of the VS_q_ meaeurements on the RSi Satellite Command
Antenna, Model 071-0Z4, Serial No. 4 are tabulated below.

Frequency (mc) V SW R

.LY RHC LHC

IZO 1.03 1.03 I. 09 1. 11
lZ3 1. 16 1.16 1.16 1.09
130 1.31 I.Z9 1.08 1.09
140 I.6Z I.50 I.Zl I.Z8

148 I. |0 I. 08 I. 08 I. 09
, : 149 I.ZI l. Zl 1.08 I. I0

150 I. 43 1.4Z I. 17 I. ZO

t.

8.0 RECOMMENDATIONS AND CONCLUSIONS _ :" /'.......... •
This report, has described the electrical considerati_)nsused in. the de-

sign of the RSi Satellite Command Antenna Array, Model Number 071-024. Four
of these arrays were designed, fabricated and delivered within six months a_ter
reosipt of the order, and met the specifications given in Section Z. 0.

The disc-on-rod an-a_,, :',.nits present state Or modified to meet other
electrical and mechanical requirements, has mar.}_lavantages over a parabolic
reflector. For example, in this progra;m, if a parabolic reflector had been used,
the reflector would have been on the order of 43 feet in diameter. In addition

the wind and ice loading on _!s structure would be significantly greater due to

the low crosssectlon of the array, The resulting requirements on the associated
pedestal is thereby correspondingly reduced. /

The basic nine-e!,_meut a_ay can easily be adapted to use as a monopulse
tracking system. This, modification weald involve replacing the present polari-, "

zation box with an interchangeable bo_; containing the necessary r-f hybrids and

J

_ -Z7-
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phase shtfters, lhu.,i, by the addition of an r-f processing box and receivers,
the antenna and pedestal can be converted into a self-contained precision

I

tracking system.

It should be noted that by using the basic array configuration, i.e. ele-
-' ments located at tile corners of isosceles trtangles_ the number of elements

could be either increased or decreased, depending on the given gain requirements.

Figure 7 in Section 3.0 illustrates the gain that can be realized with different
numbers of elements from one to nine.

r+

The single disc-on-rod element is a good basic antenna that could be
used in laboratory range work or field installations. It provides good gain, polar-

lzation d t'¢ersity and high power handltng capactty with a relatively lightweight
structure. A requirement for an antenna with a higher or lower gain specification
could be met us_,ng l_i's disc-on-rod element by simply adding or subtracting
dis l_s. _- _ ,'_-_--/_J<---

/

/ ~-

/

J_ j:
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